ABSTRACT With increasing application of electric vehicle (EV), the battery swapping station (BSS) and battery charging station (BCS) have gradually gained recognition by electric vehicle users. With the stations, it is possible to refuel within several minutes, which promotes the EV popularization greatly. In this paper, a shared battery station (SBS) model is proposed, which is a multi-functional facility having the ability to charge, discharging, sleeping, and swapping abilities. Just like other shared economic, the customer has temporary access to the battery and pays corresponding fees according to swapping energy. Different from the traditional BCS and BSS, the SBS has a new business model. Besides, based on divisional battery control method, a battery dispatching strategy is proposed to control the charging, discharging, sleeping, and swapping processes. Through the divisional battery control method, the number of variables can be reduced greatly. Hence, the large-scale battery dispatching problem can be solved reasonably and quickly. From the view of the operator, an optimization objective function to maximize the revenue is established to optimize the number of batteries in each segment in each time slot. The dispatching strategy and the objective function cooperate with each other during the SBS operation to satisfy customers' battery demand, to ensure a sustainable and safe operation, and to participate in peak shaving and valley filling. Using the genetic algorithm, we perform extensive simulations to validate the optimization model and to demonstrate the efficiency of the dispatching strategy.
I. INTRODUCTION
ELECTRIC vehicle (EV) is an ideal solution to address the issue of the ever-growing demand for greener lifestyle because of its highly efficiency, zero carbon emission, and its usage in power regulation [1] - [5] . Recently, more and more attention has been focused on the EV energy utilization [6] - [8] . However, the energy supply can only last several hours or less if the EV is driven only by power, and the working time of the battery is far below expectations [9] - [11] . In addition, it is inconvenient to charge a battery at home as it takes too much time and space. Serious damages, exposures
The associate editor coordinating the review of this manuscript and approving it for publication was Bin Zhou. and even fires can be caused, if the batteries are charged in the wrong way. Therefore, for the sake of security and convenience, it is required to charge EVs in some specified place. Generally speaking, slow charging cannot meet EV drivers' battery demand in time, while fast charging mode challenges the battery service life. Thus a quicker and easier access to efficient energy supply is in pressing need [12] - [16] . The battery swapping station (BSS) and battery charging station (BCS) were born out of this frustration. Apart from much quicker refueling, these stations have other benefits which appeal to researchers and scholars all over the world, such as improving the battery recovery rate, raising the battery utilization ratio, reducing potential dangers, and participating in power regulation. It's generally believed that if the schedule is planned and managed appropriately, the BSS and BCS can not only benefit electric vehicle owners with a fast energy refueling service, but also it can provide much flexibility for grid operators to perform critical tasks such as load balancing, renewable energy integration [17] - [22] , reducing carbon emissions and improving the efficiency and stability of power system [23] - [27] . There is no doubt that the batteries exert full potential and value to improve grid self-regulation as a power storage facility in a proper time. Therefore, it can achieve the economic operation of BSS and BCS and smooth the load of the power grid by unified charging and discharging strategy of batteries.
Recently, an increasing number of researchers and power engineers have started to investigate the model and schedule of BSS and BCS from different perspectives. For example, in [28] , from the perspective of swapping price, an optimization model to maximize the daily revenue considering the battery swapping income, depreciation cost and operation and maintenance cost was proposed. As pointed out by [29] , it's especially important to meet the growing demand for chargeswap service. A multi-objective optimization model considering service capacity was designed. Moreover, as clearly explained in [24] , a suboptimal solution based on MonteCarlo sampling for the batteries swapping program was developed, and the results showed that the operations of BSSs can substantially decrease operating cost as expected. In order to analyze the battery demand, a Markov model to present the variables of lithium-ion batteries demand, quantity of customers and power utilization was proposed [30] . In [31] , an integrated algorithm is proposed with constant-current / constant-voltage charging strategy. Various heuristic algorithms were used to solve the optimal problem. In [32] , with inventory robust optimization, the uncertain battery demand was modeled. As noticed by [33] , an optimal plan based on BSS and BCS was proposed for cost-benefit analysis and safety operation. The most outstanding feature was the life cycle cost (LCC) criterion used to design the battery depreciation model. To study the profit of a BSS problem over multiple stages, in [34] , discrete charging rates were designed to charge the batteries in different slots. Different from [34] , continuously-controllable charging rates and inventory management problem were discussed in [35] . The BCS operator minimizes the total charging cost by changing the loading/unloading decisions and the charging rates of all charging bays to meet the customers' battery demand. In [36] , a generic nonparametric method was introduced to the prediction of customers' battery demand, according to typical BSS, the authors have proven that the proposed methods can predict the customers' battery demand, and the probabilistic interval is suitable for predicting the horizon 24h ahead. Most of previous papers focused on changing the charging rates to manage the SOCs of batteries and control the total load power [28] , [37] , [38] . The first way is to provide several fixed charging rates [39] , which is hard to realize smooth power regulation and control the SOC of each battery flexibly. The other way is to provide continuous charging rates [35] .
Though the effect is much better in theory, too much disk space and processing time are taken up in the optimization process. Besides, due to technical restrictions and security issues, the charger cannot supply the power which is equal to calculation results by the optimization model.
A BSS provides battery-swapping service for EV drivers by exchanging low batteries for fully charged batteries. Through the transportation system, the low batteries are transported to BCSs, and after charging, they are allocated among BSSs. Therefore the batteries are circulating between the BSSs, BCSs and customers [35] . For instance, the NIO, a Chinese electric car manufacturer, commits to provide battery swapping service with EV users. Due to geographical factors, transportation system is a necessity in the circulation. Besides, it is necessary to carry the batteries from the charging bay to fully charged battery inventory by manual power. However, the transportation system is not reliable enough since the traffic jam often happens in the rush hour, which leads to battery shortage. Moreover, the transportation system and manpower not only cause extra cost, but increase additional time. As for charge-swap station, Liang et al. [28] , Sarker et al. [32] , and Li et al. [40] proposed some conceptual frameworks, but little actual business model was put forward. In this paper, a shared battery station (SBS) system and its business model are proposed in detail. On the basis of meeting the customer battery demand, an objective function and a dispatching strategy are formulated for the SBS system to maximize net revenue. The main features of proposed SBS system are:
• An divisional battery control method is introduced in the dispatching strategy. The batteries are divided into 5 segments. Through the dispatching strategy, the SBS can control the battery charging, discharging, sleeping and swapping process in each segment. The dispatching and swapping process can be operated without requiring of the transport system.
• A bonus-penalty mechanism is proposed to make the SBS system participate in power regulation, and this mechanism can provide peak shaving and valley filling to the power grid.
• The SBS system can meet customers' personalized battery demand. The SBS can provide the customer with a high battery, even a battery with arbitrary SOC in the station. In the dispatching process, the SOC of batteries in the station are restricted strictly to avoid the overcharge and over-discharge effectively.
Compared to traditional BCS, SBS has the function of charging and swapping batteries. SBS commits to update the refueling pattern. As a shared economic, the SBS has the potential to be a large-capacity energy storage device. Using the dispatching strategy, the SBS can provide the grid with ancillary service. It will increase the SBS revenue. The SBS gives partial of the revenue benefits to customers. The action will encourage drivers to update their refueling pattern. Thus the capacity is increasing. To some extent, the SBS have This paper is organized as follows. Section II proposes the optimization model of SBS system, including constraints, objective and prediction model. Section III describes the dispatching strategy in detail. In section IV, a series of simulation results are listed to verify the optimization model and dispatching strategy. Finally, Section V gives the conclusion.
II. SYSTEM MODEL AND PROBLEM FORMULATION

A. SYSTEM MODEL
The SBS is a multi-functional facility having the ability of charging, discharging, sleeping and swapping abilities. As a shared economic, the SBS gives customers temporary access to the battery, and the customer pays corresponding fees according to the swapping energy. The station can run normally without transportation system or manual operations. The swapping process is mostly self-help. As shown in Fig. 1 , the SBS system introduced in this paper consists of three parts: the power system, the control center, and the SBS. The SBS provides battery rental business similar to shared bikes. The customers scan the SBS's two-dimensional code to download official application program (APP). After registering, they have the access to apply to a high battery, even a battery with arbitrary SOC in the station. While the BSSs proposed in aforementioned work can only provide fully charged battery. Though the battery is about to fully charged, the customer still has to wait until the battery is fully charged. According to the charge characteristics of battery, it is difficult to charge a battery in that time. Facing the sudden demand, there may be no fully charged battery in battery station, however, the SBS can still provide customers with a high batteries. If the customer has no special request, the SBS provides the customer with the battery whose SOC is the largest in the SBS. The number of corresponding box will be sent to the customer. According to the supplied battery box number, the customer pulls low battery into the corresponding vacant battery box, and the high battery comes out from the corresponding battery box after the payment completed. The fee depends on the SOCs difference before and after the swapping. Therefore, the batteries are circulating between the customers and SBS. Essentially, there is no difference between the two boxes, because they share the same charger, whenever the vacant one is the recycle box, the other one is the charging box. In the swapping process, the quantity of batteries remains unchanged, which is beneficial to the schedule of the system. If the quantity of battery changes, the uncertainty will arise, affecting the system performance and increasing the schedule difficulty. Without timely replenishing, the station operation maybe break down. In the dispatch process, the control center draws up a charging and discharging plan for the rest of the day to meet battery demand according to the forecasted demand and the condition of the battery in the SBS at the beginning of each time slot.
B. OBJECTIVE FUNCTION
In the previous works, such as [12] and [37] , the possible factors of economic cost and income of the BSS and BCS are not taken account in their formulation. In this paper, the objective function is formulated to maximize net revenue on the basis of meeting the customer battery demand. The SBS optimization model is composed of four parts, namely, i) the profit of peak shaving and valley filling, ii) electricity purchasing cost, iii) battery degradation cost, and iv) rental income. The final objective of the optimization model is to maximize the total income subject to all the constraints. On basic of meeting the customers' battery demand, the rest batteries will be used for power regulation. Therefore, the station can help improve the reliability, efficiency and stability of the grid. As mentioned above, the profit of peak shaving and valley filling is associated with state of battery j in time slot i. Through the bonus-penalty structure, it is convenient to adjust the state of the battery appropriately in time, which provides opportunity for the station to participate in power regulation. The reward mechanism of peak shaving and valley filling is built as follows, the SBS will be punished if the battery charges in peak time, otherwise, the SBS will be rewarded if the battery charges in valley time. The bonuspenalty structure makes the SBS system participate in power regulation appropriately, however the energy supply cannot be affected.
where c 1 is the profit of peak shaving and valley filling, which consists of three sections, the profit of peak shaving and valley filling of the first four segment, the profit of peak shaving and valley filling segment and the punishment of increasing the peak value. a 1 and a 2 are the coefficients of peak shaving and valley filling, p 1 is the charging power, and p 2 is the discharging power. Three integer variables A 1 , A 2 , A 3 are introduced to denote the decisions. M and N are the quantity of time slots and batteries, respectively. t is the length of one time slot. Specifically, in time slot i, if the battery j belongs to the effective charged segment and reserve segment to be charged in valley time, then A 1 (i, j) = 1, and otherwise A 1 (i, j) = 0. In order to ensure an uninterrupted and sustained supply of batteries, the batteries in the effective charged segment cannot be discharged, i.e. A 1 (i, j) = −1 is impossible.
Similarly, in time slot i, if the control center determines the battery j belonging to the peak shaving and valley filling segment to be charged, then A 2 (i, j) = 1; to be discharged, A 2 (i, j) = −1. Besides, in order to keep the scale of the matrix, we set the A 2 (i, j) = 0 in other positions of the matrix. In the fifth segment, once the battery is determined to charge or discharge, it must participate in power regulation.
Furthermore, in the dispatching process, in order to make the power regulation more reasonable, if the peak value is increased, the station will be punished. When the SBS charges battery j in the peak time, it will be punished, A 3 (i, j) = 1, and otherwise, A 3 (i, j) = 0. The punishment appears in the first four segments. In order to maximize revenue, the punishment should be reduced. Due to the limit on the quantity of batteries, it cannot be avoid. Through charging batteries to deal with the demand in advance, the punishment can be reduced a lot.
Since the power price is fixed in this optimization model, the electricity purchasing cost can be expressed as
Here, an integer variable B(i, j) is introduced to indicate the states of all the batteries in each time slot, such as charging, discharging and sleeping. In (5), the first term is the degradation cost of battery charging. When B(i, j) = 1, the cost of charging should be accumulated. The second term is the degradation cost of battery discharging. When B(i, j) = −1, the cost of discharging should be accumulated.
The battery service life is related to the total charging capacity, thus the cost per hour can be estimated by average service life. Therefore, according to the current charging capacity, the remaining life of the battery can be estimated. Thus the cost of battery degradation can be represented as
where e 1 is coefficient. The real battery service time is related with too much factors such as degree of discharge, environment temperature and pressure, charging and discharging mode and some other factors, which make it difficult to measure exactly [41] . From the view of statistics, using the average service life instead of the actual one, the estimation method in this paper is adopted. To denote the battery swapping process, a binary decision variable D(i, j) is introduced.
Introduced an pricing strategy, the system renting fee is appropriate and reasonable which are positively correlated with the battery SOC difference between before and after the swapping process. The rental income can be represented by
where c 4 is the rental income, S b (i, j) denotes the SOC of the battery j in time slot i, S bb (i, j) denotes the SOC of the j-th battery which customers decide to swap in time slot i, and g is price per unit power. Then, the objective function is formulated as
C. CONSTRAINT CONDITIONS
In order to accord with the actual situation, both the battery capacity and quantity should be strictly constrained. Before and after charging/discharging, the SOC of each battery should be between 0 and 1. N and M denote the total quantity of batteries and time slots, respectively. Therefore, we have 
where S b (i, j) denotes the SOC of battery j in time slot i, S bb (i, j) denotes the SOC of customers' battery j in time slot i, p 1 represents the charging rate, p 2 is the discharging rate, η is the charging and discharging efficiency, and t denotes the length of the time slot. It should be noted that the SBS will charge the batteries in the whole time slot if the control center decides to charge them at the beginning of current time slot.
According to the charge characteristics of battery, it is difficult to charge a battery when it is about to be fully charged. Besides, the deep discharge and over-charge have a negative influence on cycle life. In order to extend battery service life, it is necessary to avoid over-charge and deep discharge. Therefore, the SOCs of each battery in the dispatching process should be constrained strictly.
and
where S bv and S bp denote the bound of battery SOC which can participate in the process of peak shaving and valley filling, respectively, b re (i) is the quantity of the predicted battery demand in time slot i, b yy is the quantity of the predicted battery demand in the continuous three time slots, b o1 , b o2 , b o3 , b o4 , and b o5 are the quantity of batteries which control center determines in the five segments in time slot i. To keep a certain reserve, b ss is the lager one between the quantity of the batteries in the first four segments and h * b yy . In order to ensure long-term steady operation of the SBS and meet battery demand, the quantities of batteries in the five segments are within reasonable ranges in each time slot. This constraint can be interpreted as follows: to guarantee more than b o1 fully charged batteries in the current time slot, at least b o1 batteries, whose SOC is larger than S t2 , exist in the second segment in the pervious time slot, and at least b o2 batteries, whose SOC is larger than S t3 , exist in the third segment before the previous time slot, and so on. Besides, the charging power should be larger than the difference between two consecutive thresholds, and the process will be reflected in the dispatching strategy. Moreover, for sustainable and safe operation of the system, the following constraints are given in (21) . (21) where b o (i, j) is the quantity of batteries in the j-th segment in time slot i, b omin (i, j) and b omax (i, j) are the lower and upper bounds of b o (i, j), respectively. Similarly, in each time slot, the quantity of batteries which can participate in the process of peak shaving and valley filling is limited within a reasonable range:
where b p (i) and b v (i) denote the actual quantity of batteries which participate in the process of peak shaving and valley filling in time slot i, respectively, p g (i) and q g (i) denote the quantity of batteries which are required by the grid for peak shaving and valley filling in time slot i, and p s (i) and q s (i) denote the quantity of batteries which the SBS can supply for peak shaving and valley filling in time slot i. The constraints (22)- (25) set limits on the quantity of batteries which participate in the process of peak shaving and valley filling.
D. PREDICTION MODEL
Since the real battery demand b re are uncertain, they should be predicted on the basis of daily battery demand curve. It is assumed that the real battery demand b re fluctuate frequently around the predicted battery demand b pr . The simulation of the process can be expressed in (26)- (28) . It is proved that the SOC and S bb of the batteries which customers swap in the 24 time slots follows Gaussian distribution approximately [42] , [43] . Thus the predicted model can be denoted as
where b l are the values of these points corresponding to the 24 time slots on the battery demand curve, b pr is the predicted value, and b de is the difference between the real battery demand and the predicted battery demand. In the optimization process, the actual battery demand, the SOC of customers' swapping batteries in previous time slots and the predicted battery demand, the SOC of customers' swapping batteries in subsequent time slots are utilized for calculation in time slot i. The system updates the battery demand and the SOC of customers' batteries at the beginning of each time slot. In fact, the forecast errors are inevitable in the predicted process. In this case, the impact of the errors on the system can be greatly reduced. If the battery demand changes dramatically in one time slot, the control variables can be corrected in the subsequent time slots. Besides, because the fourth segment, the extra batteries will be charged to supply the shortage in the next time slot.
E. GENETIC ALGORITHM
In the optimization process, the control center determines the quantity of batteries in each segment, the batteries to swap, and the time of charging, discharging and sleeping. Since the optimization problem has a large amount of decision variables, control variables and complicated constraints, it is difficult to be solved by traditional optimization methods. The genetic algorithms (GA) has the advantage of global convergence and high accuracy. Besides, Liao et al. [23] solved a mixed-integer programming problem with GA, which indicated that GA is effective to deal with this type of problem. Therefore, GA is used for solving the optimization problem.
The control center can solve the complicated optimization problem in a short time by the genetic algorithm, which utilizes the SOC of batteries that customers have swapped in previous time slots, the predicted SOC of batteries that customers intend to swap in subsequent time slots, the SOC of batteries in the current time slot, the predicted battery demand in the subsequent time slots, the real battery demand and some other parameters. The flow chart of the genetic algorithm is shown in Fig. 2 . Through the genetic algorithm, we can obtain the value of b o in several minutes to maximize the total revenue. 
III. DISPATCHING STRATEGY
In this paper, a day is divided into 24 time slots. At the beginning of each time slot, the control center sequences the batteries in a descending order of their SOCs in the SBS. Through optimizing the objective function, the quantity of batteries can be obtained in each segment, b o1 , b o2 , b o3 , b o4 , b o5 . It means the control center assigns the first b o1 batteries to the first segment, and the next b o2 batteries to the second segment, and so on. Note that it is not a physical partition, but an information partition. The first three segments are called the effective charged segment. In these segments, If their SOCs are lower than the thresholds S t1 , S t2 , and S t3 in the corresponding segments, respectively, they will be charged. For example, in the first segment, if S b (i, j) < S t1 , it will be charged in this time slot and S b (i + 1, j) = S b (i, j) + η * p * t, and otherwise, this step is skipped and
. Within a time slot, the charging power should be larger than the difference between the two consecutive thresholds. Though we set the first three segments to keep sustainable operation of the system, it is necessary to reserve some batteries when the demand change dramatically. Thus the fourth segment takes as reserve segment, in case the SBS has troubles in battery shortages facing with the sudden demand and forecast error. And the fifth segment is specialized for peak shaving and valley filling. The total segments can be described in Fig. 3 in detail. The flow chart of dispatching in the first segment is given in Fig. 4 . S 1 and S 2 are the actual load curve and expected load curve of the area, respectively. Since the second and third segments are similar to the first one, their flow charts are omitted here.
As shown in (18) and (19), b yy is the quantity of the predicted battery demand in the continuous three time slots, b ss is the total quantity of batteries in the first four segments at the beginning of the time slot, b ss is the lager one between the quantity of the batteries in the first four segments and h * b yy at the end of the time slot, b ss and b yy are used to guarantee the customers' degree of satisfaction. It is necessary to provide a margin for the quantity of batteries in order to improve the system reliability. The charging mode is different from that of the batteries in the effective charged segment, the first b ss −b yy batteries will be charged, and other batteries will keep sleeping in this segment. The process is shown in Fig. 5 .
The last segment involves a lot of complicated control problems. The remaining batteries belong to this segment, whose main function is peak shaving and valley filling. Usually, the quantity of batteries is not large in this segment during peak time. However, it will be a large one in valley time and rainy day. This segment offers a huge flexibility for the grid. First of all, the quantity of batteries b p and b v that can be charged and discharged should be identified, respectively. It is assumed that the batteries are effective for charging if their SOCs are below S c , and they are effective for discharging if their SOCs exceed S d . The mechanism can avoid overcharging and deep discharging effectively. Therefore, the battery service life can be extended. Second, the scale of batteries that are required for peak shaving and valley filling should be determined, which are denoted as p g and q g , respectively. p s and q s are the quantity of battery which the SBS can provide with the customer to participate in peak shaving and valley filling. The SBS system compares p g with p s and q g with q s . Then the quantity of batteries which participate in peak shaving and valley filling can be determined in this time slot. The first b v (b p ) batteries will be charged (discharged). The process is expressed in Fig. 6 .
IV. SIMULATION RESULTS
In this section, the optimization model and dispatching strategy are validated with simulations based on an area load curve. We focus on a one-day scheduling horizon with one hour per slot. This paper selects the daily battery demand curve in an area according to the probability distribution [44] . By using the Monte Carlo algorithm, we take battery samples whose SOCs follow Gaussian distribution. Some parameters are given in Table 1 . Considering the scale of customers, 1200 batteries is set in the SBS. The optimal dispatching strategy and traditional strategy are adopted to control the SBS operation. With traditional charging strategy, as long as the battery is not fully charged (whose SOC is not equal to 1), it will be charged in the time slot. The charging model will cause over-charge which damages the battery. Similarly, it provides the customers with the largest SOC battery. However, without the command of control center, the SBS cannot discharge in any time slot. That means the SBS has little opportunity to participate in peak shaving and valley filling. As shown in Table 2 , it is obvious that the total revenue with optimal dispatching strategy are much larger than that with traditional strategy. Comparing the values of c 1 , c 2 , c 3 , and c 4 under the two strategies, the following conclusions can be obtained:
• The profit of peak shaving and valley filling is much larger with the optimal dispatching strategy, over twice more than the profit with the traditional charging strategy. However, it has little peak shaving profit with the traditional dispatching strategy, because the system cannot control the charging, discharging and sleeping time and the quantity of batteries in these states in a smart way. While with the optimal dispatching strategy, the SOC of batteries and total SBS load power are controllable. Therefore, not only the income increases, but also the load curve becomes relatively flatter.
• The electricity purchasing cost is the main part in the total cost, and the optimized purchasing cost is slightly lower than the traditional cost. In order to maximize the total income, the system has to sacrifice some benefits, which leads to rental income get lower. Hence the electricity purchasing cost reduce a little.
• The cost of battery degradation is slightly less with the optimal dispatching strategy. In order to avoid overcharge, the SOC of battery which can be charged should be strictly limited. The restrictions lead to the less battery degradation cost.
• The rental income is slightly less with the optimal dispatching strategy. The result attributes much of SOC restrictions and the objective to maximize revenue. The SBS sacrifices the rental income to increase total income in some time slots.
• Compared with the traditional charging strategy, the optimized dispatching strategy has a significant advantage in terms of economic benefits.
We simulate and analyze the dispatching strategy in MATLAB. The convergence results can be observed in Figs. 7-10. It's obvious that the objective function converges to the optimum and a better solution can be obtained after about 300 generations, and the customers satisfaction can be guaranteed. The optimal dispatching strategy can contribute to the peak shaving and valley filling. However, the effect of peak shaving and valley filling are restricted by the capacity limits and the priority of battery supply, such as the valley filling at the third time slot.
In order to evaluate the optimization model and dispatching strategy, an experiment is continuously performed for 10 days. The results are shown in Table 3 . Though the total revenue have some fluctuations, the optimized revenue is larger than that of the traditional one all the time. In fact, the predicted customers' battery demand may have large errors under some unusual conditions, such as sudden thundershower, strong wind and other factors. In the simulations, it is assumed that it rains on the 11-st day in this area, and the predicted battery demand and the upper and lower bounds of variables should be adjusted. As shown in Fig. 11 , the battery demand has changed a lot in a rainy day. The results are given in Figs. 11-14 and Table 4 . It is observed that the SBS operates normally on the rainy day.
Moreover, as shown in Table 4 and Figs. 11-14, even though the rental income is lower than before, the profit of peak shaving and valley filling is greatly increased on the rainy day. Therefore the income does not reduce a lot. However, the traditional dispatching strategy make very little profit on a rainy day. In Table 5 and Figs. 15-18 , it is observed that the SBS system operates normally when a sudden demand happens. Facing a sudden demand, the system cannot predict it in advance, thus the dispatching strategy cannot change beforehand. But the system can provide satisfying batteries and increase the income a lot under the proposed dispatching strategy. As shown in Fig. 19 , the customer satisfaction can be guaranteed during the most of time slots in the three conditions. The SBS sacrifices customer satisfaction VOLUME 7, 2019 to increase total income in some cases, which occurs usually during the time slot 17, 18 and 19. In the three conditions, the SBS can keep a sustainable and safety operation. Besides, the SBS participate in peak shaving and valley filling which improves the stability of the grid.
V. CONCLUSIONS
In this paper, a SBS system model is proposed to provide swapping batteries service for electric vehicles. An optimization model and a dispatching strategy are formulated to solve the SBS scheduling problem. The SBS system and its business model are proposed in detail. Apart from fully charged batteries, the SBS can provide the customer with a high battery, even a battery with arbitrary SOC in the station. An divisional battery control method is introduced in the dispatching strategy. Through the dispatching strategy, the SBS can control the process of battery charging, discharging, sleeping and swapping in each segment, and the quantity of batteries in each segment is obtained by maximizing the total revenue. The possible factors of economic cost and income of the SBS are considered in the objective function. The dispatching strategy can meet customers' battery demand, guarantee the customer satisfaction and maintain the stability of the SBS system. The SBS can provide the grid with much flexibly. On basic of meeting the predicted customer battery demand, the rest batteries in the SBS can participate in peak shaving and valley filling. Simulation results demonstrate the effectiveness of the proposed model and strategy. The results shows that the proposed strategy can both increase the income for the SBS operator and provide flexible loads for the grid. Furthermore, the SBS has strong robustness, which guarantees the continuous operation of system. Since the capacity of one SBS is limited, the scheduling system of battery station cannot supply an enough capacity for peak shaving and valley filling. The cooperation among several SBSs might be an effective solution to the problem. 
